INTRODUCTION
Strong photosynthetic electron transport (PET) inhibitory and herbicidal activities of 2-benzylamino-4-methyl-6-trifluoromethyl-1,3,5-triazines have been already reported by Kuboyama et al.1, 2) and Inoue et al.3) in our group. They tried molecular modifications on the benzylamino group of the compounds, namely substitution of the benzyl-benzene ring, N-alkylation, elongation of the methylene chain between amino group and benzene ring and absolute configuration of benzyl position. Consequently, introduction of a halogen or a trifluoromethyl group at 3-or 4-position of the benzene ring enhanced PET inhibitory activity. All these compounds (2-(3-or 4-substituted benzylamino)-4-methyl-6-trifluoromethyl-1,3,5-triazine derivatives) exhibited higher PET inhibitory activity than that of simazine. N-Alkyl derivatives of these triazines completely lost both PET inhibitory and herbicidal activities. However, the effect of N-acylation of 2-benzylamino-4-methyl-6-trifluoromethyl-1,3,5-triazines on phytotoxic activities has not been reported. In this study, some 2-(N-acylbenzylamino)-4-methyl-6-substituted-1,3,5-triazine derivatives were synthesized and evaluated to investigate the contribution of Nacylation of benzylamino group against PET inhibitory and herbicidal activities.
MATERIALS AND METHODS

Chemicals
The compounds tested were synthesized by acylation of the The reaction mixture was poured onto 100 ml of icewater and extracted with ethyl acetate. The organic layer was then washed three times with 5% NaHCO3 solution and finally one time with water. The solvent was removed under reduced pressure. The residue was purified by column chromatography over silica gel using dichloromethane to give 2-(N-formylbenzylamino)-4-methyl-6-trifluoromethyl-1,3,5-triazine (1) as transparent and colorless liquid. Yield: 750 mg (2.53 mmol, 88.0%).
With a similar method, the other 2-(N-acylbenzylamino)-4-methyl-6-trifluoromethyl-1,3,5-triazines (2-5) and 2-(4-chloro-N-formylbenzylamino)-4-methyl-6-fluoroalkyl-1,3,5-triazines (6-9) were prepared. The yields and spectroscopical data are shown in Table 1 .
Phytotoxic Assays
According to the methods of Boger,4) thylakoids prepared from spinach (Spinacia oleracea) leaves were used for the assay for PET inhibitory activity of the 2-(Nacylbenzylamino)-4-methyl-6-fluoroalkyl-1,3,5-triazines synthesized. The oxygen formed was measured with an oxygen electrode (Rank Brothers Bottisham, Cambridge, England). The molar concentration (150) required for 50% inhibition of PET was calculated for each compound by the probit method.
Herbicidal assay of compounds (4 kg a.i./ha) was carried out in soil (pre-emergence), paddy (pre-emergence) and foliar (post-emergence) application test using Echinochloa crusgalli (L) Beauv. var. crus-galli, Digitaria ciliaris, Chenopodium album, Polygonum longisetum, Amaranthus lividus, Echinochloa oryzicola, Scirpus juncoides Roxb. var. hotarui Ohwi, Monochoria vaginalis and Rotala indica according to Kuboyama et al.' Three weeks after the treatments, herbicidal activity was evaluated by visual observation of treated plants in comparison with the untreated controls on the scale of 0-6, where 6 indicates the complete kill of test plants and zero indicates no effects.
* To whom correspondence should be addressed .
RESULTS AND DISCUSSION
PET inhibitory potency of 2-(N-acylbenzylamino)-4-methyl-6-trifluoromethyl-1, 3, 5-triazines decreased in the order of R1= H(1)>CH3
(2)>C2H5(3)>C3H, -n(4)>C4Hg-tent (5), where R1 indicates N-acyl rest (R1-C = 0) of the triazines in Table 2 .
The PET inhibitory activity of N-formyl derivative (compound 1) was more than 100 times higher than that of the other N-acyl derivatives (compounds 2-5), and its pISo was quite similar to that of 2-benzylamino-4-methyl-6-trifluoromethyl-1, 3, 5-triazine (the hydrolyzed structure of 2-(N-acylbenzylamino)-4-methyl-6-trifluoromethyl-1, 3, 5-triazines). Since the N-formyl derivative (1) is rather stable for the short-time PET inhibitory assay (data not cited), the strong PET inhibitory activity is considered to be intrinsic for the compound 1.
The compounds 1, 3 and 4 showed the similar extent of high herbicidal activity both in the soil and paddy application tests (see Table 2 ). However these triazines showed rather weaker activity in the foliar application test. The compound 2 exhibited very strong activity in the foliar application test. But this compound showed large difference for herbicidal activity among the tested plants in soil and paddy application tests. It showed no effect against Echinochloa crus-galli in the soil application test and against Scirpus juncoides in the paddy application test, but completely killed Chenopodium album in the soil application test and Monochoria vaginalis in the paddy application test. All the compounds tested showed strong activity in the paddy application test, except for the compound 2 against Scirpus juncoides and the compound 4 against Rotala indica. This fact may indicate that the N-acyl derivatives (1-5) are hydrolyzed to 2-benzylamino-4-methyl-6-trifluoromethyl-1, 3, 5-triazine during the test (3 weeks), although the N-acyl derivatives (1) (2) (3) (4) (5) are rather stable for the short-time PET inhibitory assay.
Since the N-formyl derivative (1) of 2-benzylamino-4-methyl-6-trifluoromethyl-1, 3, 5-triazine exhibited the highest PET inhibitory and herbicidal activities among the N-acyl derivatives (1-5), the effect of N-formylation of 2-(4-chloro-N-benzylamino)-4-methy-6-fluoroalkyl-1, 3, 5-triazines on PET inhibitory and herbicidal activities was examined.
As shown in Table 2 , PET inhibitory potency of N-formyl derivatives (6-9) decreased in the order of Rz = C F3 (7 ; PI5o =7. 01)> C3F, -n (9; pI50=6. 70) =. CzF5 (8; pI50=6. 65)> CHF2 (6 ; pI50= 6. 54). While the order of PET inhibitory activity for the corresponding non-formylated triazines was R2=CzF5 (PI5o=7. 18)>CF3 (PI5o=6. 97)>C3F, -n (pl5o= Table 1 Analytical data of 2-(N-acylbenzylamino)-4-methyl-6-fluoroalkyl-1, 3, 5-triazines.
Note; All compounds (1-9) are liquid at 25°C. IR were recorded on a JASCO FT/IR-420 spectrophotometer. 'H-NMR spectra were measured on a JEOL JNM-GX400 spectrometer at 400 MHz using tetramethylsilane (TMS) as internal standard.
6. 67) CHF2 (pI50=6. 62) according to Inoue3) and Ohki. 5) From these results, improvement of PET inhibition by Nformylation of 2-(4-chloro-N-formylbenzylamino)-4-methy-6-(fluoroalkyl)-1, 3, 5-triazines is not confirmed. PET inhibitory activity of the compounds 6-9 tested was equal to or stronger than that of atrazine. The PET inhibitory activity of N-formyl derivative (7) was about 3 times higher than that of atrazine.
All compounds tested exhibited a strong herbicidal activity in soil, foliar and paddy application tests (see Table 2 ). Especially, they could control 4 plant species, such as Digitaria cilicris, Chenopodium album, Polygonum longisetum and Rotala indica. The order of herbicidal potency of N-formyl derivatives (6-9) was 7=8=. 6>9.
The herbicidal activities of the non-formylated 2-(4-chlorobenzylamino)-4-methyl-6-trifluoromethyl-1, 3, 5-triazine were similar to those of Nformyl derivative (7) in soil, foliar and paddy application tests. Introduction of N-formyl group did not bring about any improvement on herbicidal activity. The results in this section may indicate that there is limitation for improvement of phytotoxic activity by N-formylation of the triazines.
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